E6.5 CHROMOSOME STUDIES FOR SOLID TUMOR ABNORMALITIES
Cytogenetic analysis of tumor tissue is performed to detect and characterize chromosomal abnormalities for purposes of diagnosis, prognosis, and patient management.
E6.5.1 General considerations

E6.5.1 (a)
A patient with a solid tumor may have conventional or molecular cytogenetic fluorescence in situ hybridization (FISH) analysis of the tumor tissue at the time of biopsy or resection (to aid in differential diagnosis), at a time of disease recurrence (to confirm recurrence and to investigate disease progression), or to identify metastatic tumor or a tumor of uncertain origin. The solid tumor specimen may be accompanied by or followed by collection of other tissue samples (e.g., bone marrow and cerebrospinal fluid) for disease staging.
E6.5.1 (b)
The laboratory director and staff should be familiar with the chromosomal and molecular abnormalities associated with tumor types/subtypes and their clinical significance. [1] [2] [3] [4] [5] Appendix A is a list of tumors divided into small round cell and non-small round cell tumor types. Appendix B includes common tumor chromosomal aberrations, known genes and FISH targets, and clinical significance as of the time of writing. Appendix B is modified from previous publications. 6, 7 E6. 5.1 (c) The majority of pediatric tumors should be cytogenetically analyzed whenever sufficient fresh tissue is available because cytogenetic abnormalities are commonly disease or disease subtype specific and have prognostic significance. Cytogenetic analysis of selected adult tumors is indicated whenever such analysis may have diagnostic or prognostic value.
E6.5.1 (d)
Methods for processing of tumor material will be determined by the cytogenetic laboratory 5, 8 based on available clinical and pathologic findings. The cytogenetic laboratory should obtain as much information as possible about the suspected diagnosis and the tissue type at the time of sample receipt to choose the most appropriate tissue culture method(s). To the degree possible, the cytogenetic laboratory should communicate with the pathologist to gain information regarding tumor type by frozen section and/or permanent section analysis of the tissue.
E6.5.1 (e)
Molecular cytogenetic FISH analysis may be used as a primary or secondary method of evaluation of the tumor tissue. The availability of fresh tissue, the differential diagnosis, a need for rapid diagnostic information, and the type of information needed should be used to prioritize FISH relative to conventional cytogenetic analysis.
E6.5.1 (f)
Cytogenetic analysis results must be interpreted within the context of the pathologic and clinical findings.
E6.5.1 (g)
For quality assurance, the laboratory should monitor the number and types of tumors received, the percentage of tumors with abnormal results, the cell culture success rate, and the success rate for FISH studies.
E6.5.1 (h)
The presence or absence of specific abnormalities should be available to the physician as soon as is feasible to contribute to patient's plan of care.
E6.5.1.2 Specimen collection
E6.5.1.2 (a)
Solid tumor samples should be collected in a sterile manner. For conventional cytogenetic analysis, the tissue sample must be fresh. The sample selected for cytogenetic analysis should be pure tumor if possible, without necrosis. The sample must not be placed in fixative or frozen. (Specimens that will be evaluated solely by FISH analysis may be fixed, frozen, or paraffin embedded.)
E6.5.1.2 (b)
The laboratory should request a sample size of 0.5 to 1 cm 3 ; if less tissue is available, the laboratory should accept as much as can be provided. If the sample size is very limited, e.g., fine needle aspirate or fine needle core biopsy, coverslip cultures are often successful. If, however, the sample size precludes cell culture and conventional cytogenetic evaluation, the sample may be amenable to interphase FISH analysis using touchpreparations or paraffin-embedded tissue sections; see Section E6.5.2.1 (b) later.
E6.5.1.2 (c)
The tumor sample should be transported in culture medium to the cytogenetics laboratory as soon as possible for immediate processing.
E6.5.1.3 Specimen processing E6.5.1.3 (a) The cytogenetic laboratory should process the tumor sample as soon as it is received.
E6.5.1.3 (b)
The tumor sample should be inspected and details of the sample size, color, and attributes recorded.
E6.5.1.3 (c)
If obviously normal tissues are present, the tumor should be separated from nontumor tissue for processing.
E6.5.1.3 (d)
Disaggregation of tumor samples is needed for most tumor types. Mechanical and/or enzymatic methods may be used. If sufficient tumor material is submitted, both methods of disaggregation are recommended. For some tumor types, different growth characteristics can be seen with exposure to collagenase versus no exposure to collagenase. If sufficient material is available, cultures should be initiated with and without enzyme exposure.
E6.5.1.3 (e)
Culture methods, culture media, and culture conditions should be chosen to best support the type of tumor received. In general, tumors can be divided into small round cell tumors (SRCTs) and non-SRCT types (Appendix A). In general, SRCTs can be successfully grown in suspension and non-SRCTs are best grown with monolayer (flask or coverslip) culture methods. Most, but not all SRCTs will also grow in monolayer culture. If adequate tissue is obtained, both culture types should be initiated for SRCTs.
E6.5.1.3 (f)
The culture vessels used are chosen by the laboratory. Coverslips cultures may be used to successfully culture very small tumor samples. Duplicate cultures should be established whenever possible.
E6.5.1.3 (e)
Experience with tumor culture will provide the laboratory with information regarding optimal growth conditions for different tumor types. It can be helpful for the laboratory to maintain a database that documents how the different tumor types have grown and which culture and harvest conditions yield the abnormal clones. This database can then be searched for optimal processing and harvesting methods for any new tumor received in the laboratory.
E6.5.1.3 (f)
Frequent (daily) observation of cells in culture is needed to determine cell growth rate and optimal time to harvest. Tumor cells should be harvested as soon as possible on adequate growth to capture early dividing tumor cells and prevent overgrowth by chromosomally normal cells.
E6.5.1.3 (g)
Conditions used for cell harvest will vary among tissue types, e.g., mitotic inhibitors used (colcemid, velban, ethidium bromide, etc.), their concentration, and exposure duration.
E6.5.1.4 Analytical methods
E6.5.1.4.1 (a)
Analysis of metaphase chromosomes should include cells with both good and poor chromosome morphology in attempting to identify an abnormal clone. Once identified, the clonal cells with the best chromosome morphology should be analyzed, karyotyped, or imaged to provide the most accurate breakpoint assignments.
E6.5.1.4 (b)
Clonal abnormalities should be documented in two independent cultures, if possible, to ensure that in vitro culture artifact is not mistakenly identified as a clinically significant abnormality.
E6.5.1.4 (c)
Cells that cannot be completely analyzed because of poor morphology should be scanned for obvious structurally abnormal chromosomes and abnormal chromosome counts.
E6.5.2.1
Analytical standards.
Initial diagnostic studies. 
E6.5.2.1 (a)
G
E6.5.2.1 (b)
Molecular cytogenetic FISH analysis.
Tissue types
Sample types that may be used for FISH include (1) paraffinembedded tissue sections, (2) touch preparations (TP), (3) cytospin preparations, (4) cultured or direct harvest tumor cells, (5) fixed cytogenetically prepared cells, or (6) 
Touch preparations
A pathologist should make the TP or be involved in selecting the tissue for TP.
TP are helpful when tissue architecture is not crucial. TPs should be made by lightly touching the tumor piece to a glass slide without smearing. Air dry or fix in alcohol.
Cytospin preparations
Cytospin preparations are useful for concentration of samples with very low cellularity, e.g., cerebrospinal fluid.
Fixed cytogenetically prepared cells
Such preparations have multiple uses with both interphase and metaphase evaluations, including confirmation and clarification of suspected chromosome abnormalities or characterization of an apparently abnormal clone. Metaphase cell evaluation may help clarify specific chromosome rearrangements.
Fresh-frozen tumor tissues
Such tissues may be useful in sequential analysis of recurring tumors or in the evaluation of archived specimens.
Supplemental FISH analysis
As a supplemental test, FISH may be indicated to (1) document a specific molecular event, e.g., gene rearrangement that is diagnostic, (2) provide a rapid result to aid in the differential diagnosis or planning of therapy, or (3) to assess gene amplification. Characterization of the initial diagnostic FISH abnormality and signal pattern will provide a method for future assessment and monitoring of disease status.
Primary FISH analysis
FISH may be used as a primary method for tumor evaluation (1) when fresh tumor tissue is not available, (2) when rapid diagnostic information is needed to narrow the differential diagnosis, (3) to determine whether there is gene amplification for prognostic and/or therapeutic purposes, (4) when no metaphase cells are obtained by culture of tumor material, or (5) when conventional cytogenetic analysis yields a normal result.
Examples of such cases include, but are not limited to: SCRTs i. FISH with a probe for the EWSR1 gene to identify tumors in the Ewing sarcoma family of tumors (EWS, pPNET, Askin tumor, and esthesioneuroblastoma) or other tumors with EWSR1 gene rearrangement (e.g., clear cell sarcoma, desmoplastic SCRT, extraskeletal myxoid chondrosarcoma, and myxoid round cell liposarcoma). ii. FISH with a probe for the FOXO1A (FKHR) gene to identify alveolar-type rhabdomyosarcoma.
iii. FISH with a probe for the SS18 (SYT) gene to identify synovial sarcoma.
Gene amplification
i. FISH with a probe for the MYCN gene to assess the presence or absence of gene amplification in neuroblastoma. ii. FISH with a probe for the ERBB2 gene to assess amplification in invasive breast cancer.
Differentiation of tumors with similar histopathology
i. FISH with a probe for the BCR gene to detect monosomy 22 or deletion 22q. The BCR gene probe may be used as a surrogate for the INI1 gene to differentiate atypical teratoid/rhabdoid tumors of infancy from medulloblastoma or extrarenal rhabdoid tumors from sarcomas.
Other applications of FISH will be determined on an individual tumor/patient basis to facilitate the diagnostic evaluation and monitoring of disease status.
Documentation
Documentation of FISH results should be in accordance with Sections E9 and E10 of these Standards and Guidelines for Clinical Genetics Laboratories.
E6.5.2.2
Follow-up studies i. May be indicated to assess recurrent disease or disease progression. ii. May be indicated to differentiate recurrence of a tumor from a new disease process. iii. Are indicated if the initial study failed.
E6.5.2.2 (a)
G-band analysis and documentation i. Analysis should include a minimum of 20 metaphase cells.
Additional cells may be scored by G-banding or FISH for a specific abnormality identified at initial diagnosis. ii. Analysis should be performed with awareness of the possibility of a new clonal process, i.e., therapy-related malignancy. iii. FISH analysis may be recommended for diagnoses characterized by an abnormality for which FISH testing is available.
If both normal and abnormal cells or only abnormal cells:
One or two karyotypes from each abnormal clone with a minimum of two karyotypes. One karyotype of a normal cell, if a normal karyotype was not documented in a previous study; otherwise, one normal metaphase spread.
If only normal cells: two karyotypes.
E6.5.3 Turnaround time
Turnaround time (TAT) should be appropriate for clinical utility. The cytogenetics laboratory may want to have a written policy describing how solid tumor cases are prioritized (with respect to each other and with respect to other sample types).
E6.5.3.1
Because of the multiplicity of tumor types and to variability of growth in culture, TATs will vary. However, the TAT for each individual tumor should be as rapid as possible given such factors. Final results should be available within 28-calendar days.
E6.5.3.2
FISH analysis results should be available within 1 to 3 days for most tumors and 7 days for paraffin-embedded tissues.
E6.5.3.3
Preliminary verbal reports should ideally be given in 7 to 10 days, and the date of such results should be documented in the final report. The content of the preliminary report should be documented if it differs significantly from that of the final report.
APPENDIX A Selected solid tumors according to culture method
Tumors may be divided into SRCTs or non-small round cell tumors (NSRCTs) based on histopathology and whether the tumor is expected to grow in suspension (SRCTs) or as a monolayer culture (NSRCTs). Some tumors may grow with either method. Because the histopathology of a tumor is generally unknown at the time of receipt, this guide can help in deciding how to culture a tumor. If sufficient material is provided for a SRCT, culture with both methods; if only a small amount of tumor is received, it is safer to initiate the tumor culture as a monolayer particularly if coverslip culture is used. Suspension or direct harvest may provide material for FISH if culture growth fails.
Small round cell tumors
Suspension only tumors Loss 2, 3, 4, 5, 6, 8, 10, 11, 13, 14, 15, 16, 17, 18, 19, 22 Chromosome enumeration Distinguish from papilloma Papilloma Gain 7, 8, 9, 12, 14, 15, 17, 18, 19, 20 Chromosome enumeration Distinguish from carcinoma (Continued) 
